Changes in magnetization transfer MRI correlate with spreading depression-induced astroglial reactivity and increased protein expression in mice.
Gliosis refers to a range of glial cell transformations that vary according to specific brain pathologic states. Disease, however, is not a prerequisite for gliosis because glial reactivity may also be seen in regions of increased physiologic activity. Our study tests the hypothesis that high-field-strength magnetization transfer MRI is a sensitive technique for detecting transient glial reactivity after experimental spreading depression, a relatively benign perturbation unaccompanied by cell injury. Unilateral neocortical spreading depression was elicited in mouse cerebral hemispheres and confirmed by transcranial blood flow and extracellular potential measurements. After 3 days, mice were imaged at 4 T using magnetization transfer techniques. Astroglial reactivity was determined immunohistochemically, and protein expression in control and experimental hemispheres was compared using proteomic techniques. Sixteen ([mean +/- SD] +/- 3) spreading depressions (n = 10) were recorded in experimental hemispheres. Spreading depression was never observed in control hemispheres. At 3 days, an 8% decrease (p < 0.05, n = 4) in magnetization transfer signal intensity was measured in experimental hemispheres, which was associated with a 37% increase (p < 0.001, n = 4) in the intensity of glial fibrillary acidic protein staining. Proteomic analysis performed 3 days after the induction of spreading depression showed upregulation of at least 56 proteins, including extracellular and intracellular elements. Magnetization transfer at 4.0-T MRI is a sensitive method for detecting glial reactivity and changes in protein expression not associated with cell injury. These results suggest magnetization transfer MRI techniques may have potential for detecting glial reactivity in physiologic processes such as learning and in early disease states.